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Abstract: Rats (Wistar sirain) were infected with larvae of Litomosoides carinii by sub: 
cutaneous injection (group |) and exposed to L. carinti-infected mites (group |). 
Progressive changes of titers of passive cutaneous anaphylaxis (PCA) and indirect henr 
agglutination (IHA) tests were determined, and counterimmunoelectrophoresis (CIEP) 
was done additionally for the study of precipitating antibody production. A few L. carinii 
worms were recovered at 10-15 weeks after infection from 4 of 15 rats of group |, and 
other rats of group | burdened with no worm. Six rats of group Į] burdened with more 
than one hundred of worms. Both of PCA and IHA titers increased (maximal mean titer 
of PCA was1: 32 at 7th week and that of IHA was 1: 181 at 13th week) in 4 rats that 
burdened with a few worms. However, PCA and IHA antibodies couldn’t be detected 
in 3 of 11 rats that burdened with no worm, and in other 8 rats of group | , the maximal 
mean titer of PCA was 1:4 at 2nd week and that of IHA was 1: 26 at 6th week. Then 
IHA titer declined gradually. PCA titer in 6 rats of group | burdened with many worms, 
increased scarcely (maximal mean titer was 1 : 5.6 at 5th week), but IHA titer increased 
rapidly (maximal mean titer was 1: 362 at 8th week). The results of CIEP were positive 
in all rats, however in three rats that burdened with no worm, precipitation became 
negative before the time of necropsy. It seems that PCA and IHA titers varies with the 
number of the worms recovered from L. carinii-infected rats. IgE antibody response is 
induced only by surviving worms of L. carinii but parasitism of many worms in a rat 
suppresses this response. Worms that were dead in early period of infection, stimulate 


the production of CIEP or IHA antibodies only. 


INTRODUCTION 


In the human filariasis, it is well known that the serum IgE is in the increased 


level, and such antibody has been studied for the purpose of the practical diagnosis 
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of filariasis (Ito et al., 1972). However it is difficult to find the report on the relation 
between the IgE antibody and the development of the parasite in filarial infection. 

In experimental studies, Fujita and Tsukidate (1981) separated the IgE inducing- 
antigen from adult Dirofilaria immitis antigens which developed only a homocytotropic 
antibody without a hemagglutination antibody in immunized rats. Sadun et al. (1967), 
Benjamin and Soulsby (1976) reported the homocytotropic antibody response in rabbit 
infected with Dirofilaria uniformis and in multimammate rat infected with Brugia pahangi 
respectively. These workers reported that the filarial worm induced IgE antibody in 
the host during the early period of infection. 

Litomosoides carinii, cotton rat filaria, has been much used for screening test of 
filaricides and also used for immunological studies on filariasis (Tanaka et al., 1968, 
1969 ; Fujita and Kobayashi, 1969 ;Ishii, 1970). 

Since 1931, because it is not easy to handle the cotton rat, several workers used 
the white rat as a host for L. carinii (Bertram, 1946 ; Williams, 1948), but they reported 
the white rat was an unsuitable host for this infection. About this problem, Briggs 
(1958) described that daily cortisone injections altered the natural resistance of the white 
rat to migrating larvae, and Olson (1959) transferred fourth- or fifth stage larvae of L. 
carinii to white rat intraperitonealy and observed that transferred worms in white rats 
attained sexual maturity at about the same time as in cotton rat infection, and they 
suggested that the development of the worms and the concomitant immunological response 
would have exerted a wide influence upon this resistance. 

In this paper, the progressive changes of homocytotropic, hemagglutinating and 
precipitating antibody responses in the white rat (Wistar strain) infected with L. carinii 
were determined and observed the relation between the infectivity of L. carinii to the 


white rat and these antibody responses. 


MATERIALS AND METHODS 


Experimental animals and infection: Female Wistar rats weighing 180-200g were 
used throughout the study. 

Infection of L. carinii to rats was carried out by a modified method of McCal 
(1976). Infective stage larvae (L3) were collected from the pelt of hairless-mouse 
exposed for three hours to infected mites, Ornithonyssus bacoti, by skinning and soaking 
of the pelt in sterilized Hank’s balanced salt solution (HBSS). Then L3 were washed 
with HBSS and injected subcutaneously into anesthetized rats. Another way, some rats 
were infected by exposing to infected mites. 

Procedure of counterimmunoelectrophoresis (CIEP), passive cutaneous anaphylaxis 
(PCA) and indirect hemagglutination (IHA) test : Samples of blood were collected 
weekly from the retro-orbital venous plexus and the sera were'stored at —20°C until 


used. 


The adult L. carinii antigen was prepared according to the method described by 
Tanaka et al. (1968). Adult worms were recovered from the pleural cavity of infected 
cotton rats. The worms were extracted with a phosphate buffered saline (PBS), pH 
7.2, and the extracts were centrifuged at 15,000g for twenty minutes. The superna- 
tant was dialyzed against a 0.02M NH,HCOs solution, lyophilized, and stored at —20 
°C until used. 

The counterimmunoelectrophoresis (CIEP) was carried into practice as described 
as follow. The 9x7 cm glass plate was covered with 10 ml of 0.9% agar in 0.05M 
barbital buffer (pH 8.6). The wells spaced 3 mm apart were cut on each plate. The 
serum samples were placed in wells towards anode and the antigen (0.lmg protein per 
ml) towards cathode. Electrophoresis was carried out for 50 minutes setting the appa- 
ratus at 1.5mA per cm agar, using barbital buffer. Then plates were kept at room 
temperature for two hours and the precipitin bands were recorded. The plates were 
washed in 0.9 % physiological saline for 24 hours. These were followed by distilled 
water for further 24 hours and then dried. The plates were stained with amidblack 
and decolourized by 10% acetic acid in methanol solution. 

The passive cutaneous anaphylaxis (PCA) tests were performed as described by 
Ovary (1964). Intracutaneous injection of 0.1 ml of serum diluted in saline were made 
in shaved back of rats. After a latent period of 48 hours, the animals were challenged 
intravenously with 1 ml of 1% Evans blue containing 1 mg of L. carinii antigen (0.45 
mg of protein per ml). The resulting reactions were recorded 30 minutes after antigen 
injections by skinning the rat and measuring the internal sufrace of the cutaneous bluing 
area. Bluing area consisted greater than 3 mm in diameter was determined as positive. 

The indirect hemagglutination (IHA) test was conducted to the method reported 
by Fujita and Kobayashi (1969) for the cotton rat filariasis. Sheep red blood cells 
were treated with 0.003 % of tannine (Merk) for 15 minutes at 37°C and the tanned 
cells were sensitized with L. carinii antigen (0.05mg of protein per ml) for 20 min- 
utes at room temperature. Finally, sensitized cells were suspended in 0.6% inactivated 
normal rabbit serum (NRS). The sera were diluted in microtiter plates with 0.6% 


NRS, added 2% normal rat serum to suppress the nonspecific hemagglutination. 


RESULTS 


Parasitic infection: Fifteen rats were inoculated subcutaneously with 50—100 larvae 
of L. carinii (group |) and six were infected by exposing to infected mites (group || ). 
Recovery of worms from the pleural cavity of these rats was shown in Table 1. 

Rats of group | were necropsied on 10th or 15th week without one rat (No. 1; 
this rat was dead on 6th week), and one or two filarial worms were recovered from four 


rats (No. 1, 2, 14, 15). However no microfilaria was detected in the peripheral blood 
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Table 1. Recovery of worms in rats infected with L. carinii 


a E EA Rat Weeks of No. of worms recovered Microfilariae in the 
NOH: CAECHOPEY ô Q total pleural cavity* 
1 6 0 1 1 i 
2 10 1 14% 2 S 
3 10 0 0 0 e 
4 10 0 0 0 7 
Inoculated with 5 10 0 0 0 i 
50—100 of larvae 6 10 0 0 0 E 
subcutaneously 7 15 0 0 0 me 
(group |) 8 15 0 0 0 = 
9 15 0 0 0 _ 
10 15 0 0 oo. 2 
11 15 0 0 0 = 
12 15 0 0 0 z 
13 15 0 0 i = 
14 15 0 1 1 — 
15 15 0 1 1 BE 
M1 5 80 100 180 £ 
Exposed M2 5 80 100 180 z 
to infected mites M3 10 253 0 253 = 
(group ||) M4 10 104 0 104 ee 
M5 10 132 3 135 + 
M6 10 351 1 352 aft 


*Microfilariae in the peripheral blood (5 cmm) were negative in all rats. 
**The worm was already dead. 


and the pleural cavity of these four rats. 

On the other hand, from all rats of group [| necropsied on the 5th or the 10th 
week (No. M1—M6), more than one hundred of L. carinii worms were recovered. 
Microfilariae were detected in the pleural cavity of two rats (No. M5, M6). 

Serological results: The CIEP test were done using the sera of rats infected for 
2, 4, 6, 8, 10, 12 and 15 weeks after infection. All sera proved positive reaction in 
this test from 2nd or 3rd week. However, in three rats (No. 7—9), the precipitation 
test changed negative before the time of necropsy (Table 2). 

Both tests of PCA and IHA were resulted in negative in three (No. 5—7) of 
fifteen rats of group |. However, rats of group || produced IgE antibody and IHA 
antibody against L. carinii. The kinetics of the response are illustrated in Fig. 1. 
IgE was detectable 2 weeks after infection and reached a peak titer (1:5.6) at 5th week. 
IHA antibody was detected from one week after infection, and increased thereafter. 

As described above, more than one hundred of worms were recovered from these 


rats (group |) at necropsy and most of these worms were male. In two of these rats 
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Table 2. Results of counterimmunoelectrophoresis in rats infected with L. carinii 


Rat Weeks after infection 

Ne 2 4 6 8 10 12 15 
1 J ER l -+ 
2 + + + + + 
3 + + + + + 
4 ND + + + + 
5 + + + + + 
6 F g + + + 
7 F = = ND — ND i 
8 + T + ND + ND _ 
9 + + + ND — ND = 
10 Ea + + ND + ND + 
11 F a F ND + ND + 
12 F + + ND + ND + 
13 + + + + + + + 
14 + + + + = + + 
15 ag a oe F +F + + 

M1 + + 

M2 + ae 
3 + + + + + 

M4 + F T + + 

ae x F + + + 

NG + F $ + + 

+ : Precipitation was positive. 

ND: Not done. 


(No. M5, M6) from which a few adult female worms and microfilariae were recovered, 
the IgE antibody increased again at the l0th week. However, IgE was declined after 
the peak titer in other rats (data not showed). 

The relationship between the production of IgE and the recovery of worms in L. 
carinii-infected rats is illustrated in Fig. 2. IgE titers in rats that burdened with either 
no worm (No. 3, 4, 8—13) or more than one hundred of worms (M1—M6), increased 
scarcely (maximal mean titers were 1: 4 in the former and 1: 5.6 in the latter at 2nd 
and 5th week respectively). Four rats that burdened with a few worms, however, 
produced a higher titer of IgE (maximal mean titer was 1: 32 at 7th week) and titers 
continued high level until 13th week. 

IHA antibodies were detected from lst or 2nd week in all but three rats (No. 
5—7) in which IHA and also PCA titers didn’t increase (Fig. 3). Six rats (No. Ml— 
M6) that burdened with many worms, produced much IHA antibodies (maximal mean 
titer 1: 362 at 8th week). In four rats (No. 1, 2, 14, 15) of group | that burdened 


with a few worms, maximal mean titer of IHA was 1: 181 at 13th week, but in eight 
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rats (No. 3, 4, 8—13) of the same group that burdened with no worm, IHA antibody 
reached a peak titer (1: 26) at 6th week and then declined. 
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The kinetics of IgE and IHA antibodies production in rats infected 
by exposing to L. carinii-infected mites. From all rats, more than 
one hundred of worms were recovered at necropsy. Each point is 
geometric mean + SE titer from six rats. 


Weeks after infection 


The relationship between the kinetics of IgE production and the 
recovery of L. carinii worms. Each point is geometric mean titer 
from four (©), six (@) or eight (A) rats. Number of worms 
recovered is 100 (@—@), 1-2 (O—C) or 0 (AtA). 
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Fig. 3. The relationship between the kinetics of IHA antibody production 
and the recovery of L. carinii worms. Each point is geometric mean 
tier from four (©), six (@) or eight (A) rats. Number of worms 
recovered is 100 (@—-@), 1—2 (O-O) or 0 (AA) 


DISCUSSION 


There were three patterns of kinetics of PCA and IHA titers after L. carinii 
infection. 1. One of these patterns was found in four rats (No. 1, 2, 14, 15) of group 
| that burdened with a few worms. Both of IgE and IHA antibodies were detected 
clearly. 2. In eight rats (No. 3, 4, 8-13) of group | that burdened no worm, how- 
ever, the response of IgE and IHA antibody production was low. In addition, three 
rats (No. 5—7) of the same group that also burdened with no worm, produced no de- 
tectable IgE and IHA antibodies. 3. Six rats (No. M1—M6) infected by exposing to 
mites (group [[), gave the different pattern of kinetics of PCA and IHA titers from 
the previous patterns. PCA titer did not increased significantly, but IHA titer increased 
rapidly. It seems that the response of IgE and IHA antibody production roughly varies 
with the number of the worms recovered from L. carinii-infected rats. 

Rousseaux-Prévost (1979) reported that the main stimulus for IgE response in rats 
infected with Dipetalonema viteae was the L3 stage or the molting larvae into L4 stage, 
and this stimulus occurred around eight days after infection. Benjamin & Soulsby (1976) 
reported about Brugia pahangi-infected multimammate rats that homocytotropic antibodies 
were detected by PCA from three weeks after infection when B. pahangi underwent the 
fourth larval molt in jirds. In addition to these antigenic stimulation tor IgE production, 


Fujita reported that excretory and secretory antigen of adult Dirofilaria immitis had a 
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strong activity as allergen. We could detect IgE antibodies in L. carinii-infected rats 
from two or three weeks after infection (almost of these rats burdened with worms at 
necropsy), however, in rats that didn’t burden with worms at necropsy, titers of PCA 
test were low or negative during the periods of experiments. It seems that IgE produc- 
tion is stimulated by the worms that survived in rats for a certain period. 

Additionally in rats infected by exposing to mites, PCA titers were not increased 
significantly though more than one hundred of worms were recovered from these rats. 
About this result, it is necessary to take a notice of the suppression of IgE production 
by other antibodies against L. carinii antigen. 

Olson (1959) reported that the infective rate of worms in white rats (strain was 
not shown) infected subcutaneously with L. carinii larvae was 2% and in our experiment 
it was 0.5-1%. We obtained more than one hundred of worms from rats of group | 
(by exposing to mites) and this result gave us some problems whether rats might have 
the infection of more than five thousand of infective larvae and whether the migration 
route of larvae infected by exposing to mites was different from that of subcutaneously 
inoculation. There is a possibility that the larvae had accepted some damages before 
they were inoculated and they couldn’t complete their migration. In addition, it is a 
wonder that almost all of recovered worms from these rats were male. These question 


will be described in future study. 


REFERENCES 


1) Benjamin, D. B. & Snulsby, E. J. L. (1976) : The homocytotropic and hemagglutinating antibody 
responses to Brugia pahangi infection in the multimammate rat (Mastomys natalensis). Am. J. 
Trop. Med. Hyg., 25, 266-272. 

2) Bertram, D. S., Unsworth, K. & Gordon, R. M. (1946) : Transmission of Litomosoides carinti 
to laboratory animals. Nature, 158, 418. 

3) Briggs, N.T., (1958) : Serological response of cotton rats and white rats in relation to the extent 
of infection with Litomosoides carinii (Travassos, 1919) Chandler, 1931. Dissertation Abstracts. , 
19, 1062, Univ. Mich. Mirofilms. 

4) Fujita, K. & Kobayashi, J. (1969) : The sequential appearance of 19s and 7s antibody in cotton 
rats infected with the coton rat filaria, Litomosoicles carinii. Japan. J. Exp. Med., 39, 481-490. 

5) Fujita, K. and Tsukidate, S. (1981) : Preparation of a highly purified allergen from Dirofilaria 
immitis ; Reaginic antibody formation in mice. Immunology, 42, 363-370. 

6) Ishii, A. (1970) : Antibody of excretory and secretory products of the cotton rat filaria, Litomosoides 
carinii. Japan. J. Exp. Med., 40, 39-45. 

7) Ito, K., Sawada, T. & Sato, S. (1972) : Increased serum IgE level in individuals infected with 
Schistosoma japonicum, Wuchereria bancrofti or treatment in schistosomiasis. Japan. J. Exp. 
Med., 42, 115-123. 

8) McCal, J. W. (1976): A simple method for collecting infective larvae of Litomosoides carinii. 
J. Parasitol., 62, 585-588. 


157 


9) Olson, L. J. (1959) : The survival of migratory and postmigratory stages of Litomosoides carinii 
in white rats. J. Parasitol., 45, 188. 

10) Ovary, Z. (1958): The passive cutaneous anaphylaxis and its elicitation. Progr. Allergy., 5, 
459-473. 

11) Sadun, E. H., Dubury, R. E., Gore, R. W. & Stechschulte, D. J. (1967): Homologous passive 
cutaneous anaphylactic and fluorescent antibody reactions in rabbits infected with Dirofilaria 
uniformis. J. Infect. Dis., 117, 316. 

13) Tanaka, H., Kobayashi, J., Matsuda, H. & Sasa, M. (1968) : Hemagglutination test with 
Litomosoides carinii antigen in the diagnosis of the cotton rat filariasis. Japan. J. Exp. Med., 
38, 19-25. 

14) Tanaka, H., Kobayashi. J., Ishii, A. & Sasa, M. (1969) : Complement fixation test with adult 
Litomosoides carinii antigen in cotton rat filaria. Japan. J. Exp. Med., 39, 393-398. 

15) Williams, R. W. (1948): Studies on the life cycle of Litomosoides carinii, filaried parasite of 
the cotton rat, Sigmodon hispidus litoralis. J. Paraitol., 34, 24-43. 


Litomosoides carinii RRG y ERIA IgE HAREE DORRR AAE. 
SUUMB= EB, WAER EREBASRDOZAS), ISOMER AF RE RR OLR. 


Wistar F y bic Litomosotdes carinii (Lo) Rygh a4 50~1l00B aE CL RD, F Le 
RRR = ds DARE CURD St, SHRM TP 71 þv (PCA) 2 k OO HARMER 
Ra AHA) test T Le RERE 5 4 STAM OD AaB LL, Hie, Counter % 
Bee ike) (CIEP) TEHDA RiR Lie. ETR 4 IO F y hl~ H 
DARTI ~ 240 Le REDD DNEH, FOMOF y kEOIBEARRD ON io. © 
HICH L LAF CIS 6 MAE OMNCIONELD ED RERED bhre. PCA RLO IHA HAMO 
HUA BUDE kD 3 ICA Sk. BEDERT of 7 y b THE PCA BIO 
IHA tA re ICEL, 4 PID PARCAS &, PCA TURA 73301 : 32, IHA CG 
(LISA O1 : WIS AAR C Ho fe. BADR AU nioi Fy b 1AE 3 HIS 
PCA, IHA Miio ARDOR o ERE, Towo 8 POF y b CHORE C PCAL : 
4 (23868), IHA1 : 26 (6188) JEARRIEC, IHA fiii ORR IC TELE. 
Ev, WARSRMEURS Hie 6 HOF y hT, PCA HAMA t LAT GREE] : 5.6, 
5348) IHA pikig LA Lee (1 : 362, 8348). CIEP cit RKO PNIC BIR < 
EAN eA DIDS, BRORS Nie o ke y R3 HoF y kI E CIC 
HUAILIBR Lic. CORRE Le BRA IgE PAPERS TOA Le WREE -o TRAS 
HOM, SBORAKOAELC HRMS S. ERAT ANCE LRRD SL LB TT 
RT ePIC EK LERARES Lll IHA bt TS LBA DNS. 


